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III NAM toolbox for environmental endocrine disruptor (ED) assessment
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III NAM toolbox for environmental endocrine disruptor (ED) assessment
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III NAM toolbox for environmental endocrine disruptor (ED) assessment

No OECD-validated
test protocols
in NTOs

The NAM toolbox is currently
very limited in ecotoxicology
for non-mammalian species.

In silico approaches
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III Avallable OECD test guidelines using transgenic eleutheroembryos

EECHA |, ~_efsam

IDANCE

Jrosittrettruten

Guidance for the identification of endocrine disruptors in
the umtr_ntnfltguhtxus( U) No 528/2012 and (EC)
INo 1107/2009

/" Xenopus Eleutheroembryonic Thyroid Assay (XETA);
OECD TG 248 (June 2019)

/- Annex A to the ECHA-EFSA ED Guidance published
in April 2021 provides recommendations on when to use e e
Xenopus laevis the XETA in thyroid disruption assessment strategies T ———

Guidance
Abstract

This Annex describes how to include the recently published OECD test Guideline 248 on Xenopus
Eleuthercembryonic Th‘ﬂvdm ()CETA) Mmﬂmwmg \ﬂlhe Q’W’FEAGUMTTE
ar ince but it clarifi

2021

Sourmal ms 16(6):5" 135 pp.
-G-01-EN.

/" Detection of Endocrine Active Substances, acting through
estrogen receptors, using transgenic tg(cypl9alb:GFP)
Zebrafish embrYos (EASZY assay); OECD TG 250 (June 2021)

No guidance on how/when
/' Rapid Androgen Disruption Activity Reporter (RADAR) assay to use fish eleutheroembryo

using medaka embryos; OECD TG 251 (June 2022) assays in testing strategies
for EAS modality

/' Rapid Estrogen ACTivity In Vivo (REACTIV) assay
also using medaka embryos; OECD TG 252 (June 2024)

Medaka
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III European Commission roadmap towards phasing out animal testing
for chemical safety assessment

Baskets — short-medium-long-term actions

e Existing (combination) of e Existing (combination of) New (combination) of
methods that could be methods or methods in methods that allow to
implemented in legislation development. reach protection goal

already today. without use of animals.
Further development > Paradigm shift.
needed or expansion of > Likely revision of

domain of applicability or
validation. regulatory assessment.

In the long-term, animal-free approaches not relying on embryos are preferred.

In vivo tests, including those based on eleutheroembryos, are considered as an intermediate
solution and only if it reduces the overall need for animal testing until a full replacement is possible.
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III Current practice: use of mammalian in vitro data to evaluate
endocrine activity in non-mammalian species

7

PUBLIC-PRIVATE PLATFORM
FOR THE VALIDATION
OF ENDOCRINE DISRUPTORS

CHARACTERIZATION METHODS

Level 2:

E modality: ToxCast ER Bioactivity Model®

or

OECD TG 455, OPPTS 850.1300

if ToxCast ER Bioactivity Model is not available

Level 2:
S modality: OECD TG 456, OPPTS 890.1200, OPPTS
890.1550, EU B.57

Level 2:
A modality: OECD TG 458

Level 2:
T modality: no tests available®

a|ge|ieA. 31nje13)l| Wolj eleq

for the i i ion of

ine disruptors in biocides and pesticides

.
ropen

TPO Pepper project

NIS Pepper project to start autumn 2026

DIO 1 Pepper project; SPSF submitted to OECD
DIO 2 ?

DIO 3 ?

TTR Pepper project; SPSF submitted to OECD
UGT-T4 activity | Submitted to Pepper

v

Positive

For at least one modality

¥

Follow the ED assessment
(Figure 1)

MoA analysis

Follow the ED assessment
(Figure 1) >

Level 3

Human health and mammals

E modality: OECD TG 440

(to be provided only if ToxCast ER Bioactivity Model is
not available ®)

A modality: OECD TG 441

S modality: no tests available®

T modality: no tests available®

Other non-target organisms

(to be provided if the assessment of non-target
organisms other than mammals is needed)

E, A, S modality: OECD TG 229

T modality: OECD TG 231

|

Negative

ED criteria not Met

/Il EFSA-ECHA Stakeholder Workshop on implementing the EC roadmap towards phasing out animal testing /// 21 October 2026 /// Parma, Italy

For all the modalities

efsam

Erspean Foos Sty Auhariy



III Challenge: overcome the current limitations in non-animal methods
relevant for environmental ED assessment

Cross-species extrapolation

In principle, endocrine pathways are highly conserved across vertebrate taxa, so there is a good
potential for read-across from mammals to non-mammalian taxa, and vice-versa.

A. AR primary amino acid 100 B. AR ligand binding domain
Sequence Alignment to Predict . sequence alignment gf’:éf B sequence alignment
Across Species  Susceptibility . i
(SeqAPASS). Data showing the 2= B { ] e
percent similarity across species £« A i AR e e
compared to Rattus norvegicus for £+ " ijii3its ii3 .; i1 ';; i1
(A) the primary amino acid and (B) £~ h ks 9533 §3 493"
ligand binding domain sequence - I . ——— Vertebrates —_IL_= _ invertebrates
alignment of the androgen Sl L] ’ %%* .............................................................................................................
receptor (AR). . *f$$¢;%e‘oa.;,..,.‘_,‘_-‘_’f‘_“**”“‘"”

Ig.nlu!:g_isaa---nas-s-\::fi.gaquﬂuqqu's!sd':dds-i!kuﬂg qqqqqqqqqqqqqqqq

Environ. Sci. Technol. 52:13960-13971. TEECT 5% 355 § TFEcEIfis TSI :E A L
WWW.Sseqapass.epa.gov/seqapass 8§ "F % 3
Vertebrates Invertebrates
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http://www.seqapass.epa.gov/seqapass

III Challenge: overcome the current limitations in
relevant for environmental ED assessment

Cross-species extrapolation

/" Extrapolations based only on existing knowledge and theoretical
assumptions not (always) appropriate; reality check using empirical
data is crucial.

— read-across to be used wisely; potency matters!

/- Define limitations of cross-species extrapolation
= biologically plausible taxonomic domain of applicability from
in silico (computational) tools (e.g., SegAPASS) may differ
from empirical taxonomic domain of applicability.
= ADME, TK/TD, protein binding may complicate extrapolation.

/- Case-example: inducibility and role of thyroid hormone
conjugating liver enzymes in amphibians
= mammalian UDPGT inducers inactive in the XETA.
— apparent insensitivity of the AMA to liver enzyme inducers.
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non-animal methods
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III Challenge: overcome the current limitations in non-animal methods
relevant for ED assessment

Cross-species extrapolation

T4 disappearance

===} T4-glucoronoconjugation
T4-sulfoconjugation
T3/rT3 formation

/- Rat to human extrapolation is not always straightforward.
Rat P450 Human P450 S
70 mCyp3AL/2 mCyp2B1 @ 70 mCyp3A4/5 M Cyp2B6 w
60 60
B B Clear induction of Phase |
£ % £ % ' ‘ (CYP450) hepatic enzymes
. . in both species
U B Il (B [ U | I
1 3 10 30 100 300 1000 2000 1 3 10 30 100 300 1000 2000
PB Concentration (uM) PB Concentration (uM)
Delta UGT-T4 Activity
. ARat? o Rat2 iDﬁats Ol;umanl E|1Human2 ?HumanSi | 3 Assay not yet Valldated but hlgh
, R B B @ data convergence.
: A : : Nevertheless, high degree of
: e Clear md_ucUon of uncertainty, thereby preventing
pmo;:,)"fa"nti?\]mg 5 io UGT_T4 In rat but not . ! N
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o i DR P P T A - non-relevance being drawn.

i i i i
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III Challenge: overcome the current limitations in
relevant for ED assessment

Adverse Outcome Pathways (AOPS)

/- AOPs are not extrapolation tools; a Molecular Initiating Event
(MIE) does not necessarily result in an Adverse Outcome;
thresholds exist!
= develop quantitative AOPs (QAOPSs) for predictive purposes

/" Pre-defined AOPs available in AOP-Wiki cannot be assumed
by default, from a MIE identified in vitro
= confront AOP Key Events with empirical data

/- Many ED-related AOPs, fewer non-ED-related AOPs in AOP-Wiki

non-animal methods

Macromolecular Cellular Organ Individual Population
interactions responses responses responses responses

o Mﬂll

MIE

Towcant

l Increasing levels of biological erganization

Typical representation of an AOP (e.g. US EPA Fact Sheezs}

|

Interpretation of the domino effect that may result from the typical
representation of an AOP.

= develop non-ED-related AOPs to support postulated non-ED MoA == H I I
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Situation of interrupted cascading effect that can happen in real life.



Opportunity: development and validation of in silico and in vitro methods
for non-mammalian species

Japanese EXTEND programme

Estrogenic, anti-estrogenic and androgenic activities Thyroid & anti-thyroid activities
Tier 1 (to assess actions to endocrine systems) Tier 1 (to assess actions to endocrine systems)
--------------------- Candidates for testing on endocrine disruption ‘=" _Candidates for testing on endocrine disruption
) ¥
Re-evaluation of knowledge obtained through the reliability evaluation Re-evaluation of knowledge obtained through the reliability evaluation
‘ I ! I !
In vitro assays » Prioritization for in vivo testing »| Prioritization for in vivo testing
- Medaka estrogen receptor a 1 In vitro assays 1
reporter gene assay - Xenopus tropicalis thyroid nvi
n vivo assays
’ xegﬁg agggogsesr;receplor p In vivo assays _ Lo i s P L L - Amphibian I\.*?etamorphosis Assay (AMA)
B J ) - Fish Short Term Reproduction Assay (TG229) (TG231)
¥ ¥
=I Tier 1 assessment I " Eendiné =I Tier 1 assessment I 4 Eendiné
Tier 2 (to characterize adverse effects) Tier 2 (to characterize adverse effects)
In vivo tests In vivotests
- Medaka Extended One Generation Reproduction Test (MEOGRT) (TG240) - Larval Amphibian Growth and Reproduction Assay (LAGDA) (TG241)
! '
"""""""""""""""" Tier 2 assessment * pending TTmmmomommomsomsmmm---------=-- Tier 2 assessment * pending
¥ Y
Risk assessment Risk assessment

From K. Yamazaki, Chem Academy 7t International Conference on endocrine disruptors, 2022.
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III Opportunity: development and validation of in silico and in vitro methods
for non-mammalian species

ECOTOX-FACTORIAL™

Toxicelogy in Wit 72 (2021} 105016 5- AR agon Ist g E
Contents lists available ar Sciencellirect = g 4- : h * E E
g N EI ] |
Toxicology in Vitro o 3 % B
ELSEVIER journal homepage: www._elsevier.com/locataftoxinvit E 2— : E
(&) H .
2 1- Zebrafish
Evaluation of a multiplexed, multispecies nuclear receptor assay for o [ i i i ii IA/
: O-{pavaiy (aNEEL ]
chemical hazard assessment
Keith A. Houck ™', Anita Simha", Audrey Bone”, Jon A. Doering‘, Sara M.F. Vliet, 0.0 100.0 1000.0
Carlie LaLone ", Alex Medvedev', Sergei Makarov ' 6- FlUOFO testosterone (nIVI)
"D:;nmjbrr.'mlpurmlandj Toxicolngy and Exposure, Office of Research and Developmess, LS. Environmenia [ Prevection Agency, Research Triongle Park, NC 27711, 5_ .
L%‘:Lﬂiﬁ,(l_m:‘;le:;;??wmm P:{um:ﬁ ‘_';nmm‘fm ﬂL::lm ional Student Services Conmace, United States AR antagonlst - GAL4
d;il’ﬁc u?;::f‘: E“mqnﬁn;éﬁmmpzﬂﬁw“::xﬂ;? mn'nu logy, Girear Lakes Towkealogy and Ecology Divsion, Oak Ridge incinme for Soemce cg, 4__ - AR_HU
“ firear Lokes Toxcolagy and Foodegy Dbasian, Office of Besearch and Development, U8, Frvronmenral Protecthon Agency, Dulim, M, Urdied Stares of Americo o
' Amagene, Inc,, 090 Kir Creek Rd, Morricviie, NC 27560, Uninad Stases of America % 3_ " . E ﬁ - AR_Tr
g, Poriios ji B AR-Ch
© 2 : il il
The TRANS-FACTORIAL™ system of human nuclear receptors S N o IS B AR-Fr
has been modified to include additional species: mouse (Mus =" i i I I I | . AR-Zf
musculus), frog (Xenopus laevis), zebrafish (Danio rerio), chicken 0-{ryrdny pphe.d slilil & + P<0.05
i i T T T T T X
(Gallus gallus), and turtle (Chrysemys picta), and evaluated with 56 o> &5 25 Bk § Pi0.00t
191 chemicals. Norgestrel (nM) ¥ P <0.0001
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III Opportunity: development and validation of in silico and in vitro methods
for non-mammalian species

ECOTOX-FACTORIAL™

Nuclear receptor response profiles across vertebrates for bisphenols.

i !l
EE:E"%" wu Conc.(uM): 20 67 22 074025 008 003 20 67 22 074 025 008 003 20 67 22 074025 008 003 20 687 22 074025 008 003

TemALE

pubs.al:s.org."est Fah ey _I T | b
. + . . ER [ E——
Harmonized Cross-Species Assessment of Endocrine and Metabolic
. e
Disruptors by Ecotox FACTORIAL Assay - _—
Alexander V. Medvedev, Lyubov A. Medvedeva, Elena Martsen, Mathew Moeser, Kristen L. Gorman, AR
Benjamin Lin, Brett Blackwell, Daniel L. Villeneuve, Keith A. Houck, Kevin M. Crofton, PPARY- -
(A
and Sergei S. Makarov* = o -
T m{“g { o — [ —
THR o= 4 SRY wa—d ) '9‘,;—:«
Cite This: Environ. 5ci. Technol. 2020, 54, 12142-12153 Read Online L SoHy Lall 14 - .
Bisphenol B Bisphenal AF Bisphenol F
ACCESS| bl Metrics & More | Article Recommendations | @ Supporting Information Conc.(uM): 20 67 22 074025 006 003 20 67 22 074025 008 003 20 67 22 074025 008 003 20 67 22 074025 008 003
r Fsm EFCY -
ABSTRACT: Environmental pollution is a threat to humans and wildlife species. Of particular o —— _
concern are endocrine disrupting chemicals (EDCs). An important target of EDCs is nuclear ER r:':-‘-;'i'ﬁ 3 —
receptors (NRs) that control endocrine and metabolic responses through transcriptional - m?\g:_n:
regulation. Owing in part to structural differences of NRs, adverse effects of EDCs wvary Tasman £Ra
significantly among species. Here, we deseribe a multiplexed reporter assay (the Ecotox c T An
FACTORIAL) enabling parallel assessment of compounds’ effects on estrogen, androgen, AR Tarog AR -
thyroid, and PPARy receptors of representative mammals, birds, reptiles, amphibians, and fish. L iy
The Ecotox FACTORIAL is a single-well assay comprising a set of species-specific, one-hybrid PPARy Moy PEARS - . MG
GAL4-NR reporter constructs transiently transfected into test cells. To harmonize cross-species e el - Hy HO, , AOH
assessments, we used a combination of two approaches. First, we used the same type of test cells s T - TH';."_“ -OH ik HO OH \CJ\‘?L_,J
for all reporters; second, we implemented a parallel detection of reporter RNAs. The assay THR Turtis Tita _— — ; o = CH, §
3 - i o ; g Human Tha - CHy H Hy o
demonstrated excellent quality, reproducibility, and insignificant intra-assay variability. . | Human TAD
Importantly, the ECS0 values for NR ligands were consistent with those reported for ' ' 4-Cumyiphenc Bi o E Bisphenol C gi P

conventional assays. Using the assay allowed ranking the hazard potential of environmental

pollutants (eg., bisphenols, polyeyelic aromatic hydrocarbons, and synthetic progestins) across species. Furthermore, the assay
permitted detecting taxa-specific effects of surface water samples. Therefore, the Ecotox FACTORIAL enables harmonized I—I
assessment of the endocrine and metabolic disrupting activity of chemicals and surface water in humans as well as in wildlife species. e a o L e
Inducton [ % of potithe controls |
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I Options for the future?

Current status: tiered or toolbox approach

according to the OECD Conceptual Framework

Existing data and existing or new non-test

Level 1 information (e.g., QSAR, read-across)

In vitro assays providing data about selected

Level 2 endocrine mechanism(s) / pathways(s)

In vivo assays providing data about selected

Level 3 endocrine mechanism(s) / pathway(s)

In vivo assays providing data on adverse effects
on endocrine relevant endpoints

In vivo assays on adverse effects on endocrine
relevant endpoints over more extensive parts of
the life cycle of the organism

Level 5

Population-level field and monitoring studies
Population effect modelling

Physchem
properties

Physchem
properties

' In silico
approaches

A4

PBPK ADME

TKTD

In vitro
plasma
protein
binding

In vitro
assays using
cell lines

In vitro
assays using
cell lines

In vitro
EECEVERY]
primary
cells

Organs on

short/medium-term a chip long-term

In vivo
eleuthero-
embryo

assays

' In silico
approaches

Regulatory conclusion
or prioritisation?

Regulatory conclusion
or prioritisation?

Regulatory conclusion

/' How population-relevant adversity could be proven?
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III Mind the gap!

In sifico approaches

: (6.9., QSAR) ~
= < 1 M'%’ In vitro
i :‘*5’ —  tests
: L
" "Eco-NAMs"
- et
b

QOrgan-on-a-chip

Eleutheroembryo
assays

Transcriptomic

Protection goal
and ultimate step of
environmental ED assessment
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“l Thank you for your attention
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